We discuss a process of hadronization of light quarks into charged pions in e + e − annihilations and in deep inelastic scatering of charged leptons and neutrino off nucleons. The corresponding semi-inclusive cross-sections of pions production we write in terms of quark fragmentation functions and fracture functions. We suggest a new method of measurements of fragmentation and fracture functions based on analysis of semi-inclusive data.
Introduction
Quark fragmentations in hard scattering processes are determined in terms of fragmentation functions [1] . Fragmentation functions are dimensionless functions that describe the final-state singleparticle energy distributions in hard scattering processes like e + e − annihilation. This reaction provides a clean theoretical identification of the fragmentation function, which can be written for a hadron of type h as
where z = 2E h / √ s 1 is the part of the c.m. energy √ s carried by hadron (in practice, the approximation z = z p = 2p h / √ s is often used). Its integral with respect to x gives the average multiplicity of those hadrons:
The fragmentation function can be rewritten also in terms of quark fragmentation functions D h q ≡ D h q (z) into final hadron h. The quark fragmentation function D h q (z) is interpreted as a probability for a quark q to produce a hadron h carrying a fraction of energy z with the following normalization:
In what follows we restrict our considerations of final hadrons to charged pions only. In e + e − annihilations via γ, Z exchange their fragmentation function reads [2] :
where
for each quarks with charge e q in unit of positron charge, v i = T 3i − 2e i sin 2 θ W and a i = T 3i are the vector and axial electroweak couplings, and ρ 1 (s), ρ 2 (s) are Z-resonance part to cross-section. In the second line of (3) we neglected contributions from the third family of quarks and explicitely used the isotopic invariance for D 
The fragmentation functions F However an interpretation of fragmentation functions in terms of D h q is not as straightforward as one usually assumes due to contributions from target remnants [3] . As an outcome the functions
processes can be different from those measured in DIS due to absorbtion of effects of target remnants fragmentation. The fragmentation of target remnant lepton-nucleon DIS can be taken into account with help of more involved object -fracture function [4] . The fracture function M h (z, x, Q) does depend not only on z but also on Bjorken x and on Q = Q 2 .
Charged leptons and (anti)neutrino semi-inclusive DIS
The generalized expression for the fragmentation functions F π ± ℓp(n) (z, x, Q) taking into account the fracture function reads as follows:
where N = p, n are nucleons, e 2 q -squared coupling constants of the corresponding process for the given quark (electric charge in units of positron in case of γ exchange or a combination of γ and Z-boson couplings in case of γ, Z interference), f
In total one has 16 fragmentation functions: 
In total one has 13 unknown functions to fit four data sets in ℓN → π ± X semi-inclusive DIS. Let us write down explicitely four fragmentation functions F π ± ℓN (z, x, Q):
One could also generalize expressions for νN and νN semi-inclusive DIS taking into account fracture functions:
Equations (11), (12) can be rewritten taking into account isotopic relations (4),(6).
Combined analysis
As one can see these additional 8 observables depend on the same 4 fragmentation and 9 fracture functions. Fit of experimental data gives an access to these functions.
The fit is what one should do having a limited amount of experimental data sets. Such fits should assume functional forms of D and M functions with usually quite large number of free (generally correlated) parameters. This results into an additional uncertainty due to unknown form of the fragmentation and fracture functions.
We observe however (and this is the main result of our work) that combining one observable νN one has in total 13 observables which are linear combinations of 13 unknown fragmentation and fracture functions. Thus hosting 13 observables into a vector F one can related it with a vector of 13 unknown fragmentation and fracture functions D through the matrix E with matrix elements which can be easily recovered from equations (3), (10)- (10) and (13)- (20):
which can trivially be solved at every point z, x, Q as
Such method is free from assumptions about a functional form of the fragmentation and fracture functions. Thus in general it has a potential to measure these functions with smaller uncertainties.
Conclusions
We explicitely derived expressions for fragmentation functions of charged pions produced in both charged lepton and (anti)neutrino DIS off protons (neutrons) taking into account contributions from fracture functions. We suggest a combined analysis of 13 data sets of π 
